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Extraction of a Smooth Outline of a Closed Figure  
using a Fuzzy Inference based Edge Tracing Technique 
Amane KUWABARA *1 Yoshinori ARAI *2
Abstract  In this paper, a method for tracing a smooth outline using fuzzy inference is 
proposed. The aim of this method is to detect an outline of a closed figure so that human may 
draw one smooth line at the rough drawing. This method is constructed following two parts; 
1) making "Edge image data like rough sketch", 2) smooth outline tracing using fuzzy 
inference. At first, image data with values of degree that seems to be outline is made from the 
edge of an input closed figure by divisions and approximations. Next, pixels that suit the 
outline are traced using a fuzzy inference. 
In experimental results, an accuracy rate for "Edge image data like rough sketch" is 
67.6%. And an accuracy rate for final outline images is 28.4%. Using this proposed method, if 
the suitable edge data is obtained and the rules for fuzzy inference are adjusted, then a better 
extraction of accuracy becomes possible. 
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ࠫ࠶ࠛޟߟᜬߡߒߣ୯ࠍߐߒࠄㇳベޔ޿ⴕࠍℂಣߊ
ޕࠆߔᚑ૞ࠍޠ࠲࡯࠺↹ࡈ࡜
ߊ߆⚦޿ࠄߊߩߤޔߕ߹ޔߪߡߒߣℂಣߥ⊛૕ౕ
޽ߦౝ㑆඙ߊᒁࠍ✢⋥ૃㄭޔߦ߼ߚࠆ߼᳿ࠍ߆ߊឬ
㔌〒㑆ὐ┵ਔߩ㑆඙ޔࠅขࠍὐߩ਄๟ᄖߩࠫ࠶ࠛࠆ
Ǫ㔌〒๟ᄖߚߞߙߥࠍ⚛↹ߩ਄๟ᄖߩౝ㑆඙ߣǩ
߶ࠆߥߊㄭߦ✢⋥ߥ߆ࠄṖ߇㑆඙ޕ㧕3 ࿑㧔ࠆ߼᳞ࠍ
㧕⸘วߩ✢ታߩ3 ࿑㧔Ǫߣ㧕✢㊀ੑߩ3 ࿑㧔ǩޔߤ
ߩߘޔߡߓᔕߦᏅߩǪߣǩޔߢߩࠆߥߊߐዊߪᏅߩ
ᧄ৻ޔᢙߊᒁޔߣߐ㐳ߩᧄ৻ߩ✢⋥ૃㄭߊᒁߦ㑆඙
ߩߐߒࠄㇳベࠆ߃ਈߦ⚛↹ߩ਄〔゠ߢ✢⋥ૃㄭߩ
✢⋥ߪ㑆඙߫ࠇߌߐዊ߇ᏅߩǪߣǩޕࠆߔቯ᳿ࠍ୯
㐳ߩ✢⋥ૃㄭߩᧄ৻ߦ߁ࠃߩ4 ࿑ޔߒᢿ್ߣ޿ㄭߦ
↹ߩ਄〔゠ޔߊߥዋߪᢙߊᒁࠍ✢⋥ૃㄭޔߊ㐳ߪߐ
Ꮕޔߦㅒޕࠆߔߊ߈ᄢߪ୯ߩߐߒࠄㇳベࠆ߃ਈߦ⚛
ߦ㊀૗ࠍ✢⋥ૃㄭ޿⍴ߦ߁ࠃߩ5 ࿑ޔ߫ࠇߌ߈ᄢ߇
ߐߒࠄㇳベࠆ߃ਈߦ⚛↹ߩ਄〔゠ޔߒߦߣߎߊᒁ߽
ޕࠆߔߊߐዊࠍ୯ߩ
ޠߐỚޟߩޠ↹ࡈ࡜ޟޔߦ⚛↹ฦߩౝ㑆඙ޔߦᰴ
ૃㄭߚ߼ቯޔߕ߹ޕࠆߔࠍℂಣࠆ߃ਈࠍ୯ࠆࠊઍߦ
㑆඙ߢ㧕⚛↹8 ߩౝᨒ޿㤥ᄩਛߩ6 ࿑㧔ߐ㐳ߩ✢⋥
઒ߊᒁߦ㑆ὐ┵ਔߩ࿐▸ߚߞಾ඙ޔࠅಾ඙ߦࠄߐࠍ
6 ࿑㧔ࠆߖߐᒛ⤘ࠍ✢⋥ߩ઒ޔ߼᳞ࠍ߈௑ߩ✢⋥ߩ
࠶ࠛޔߢౝ࿐▸ߚߖߐᒛ⤘ޔߦᰴޕ㧕ౝᨒߩ✢ὐߩ
࿑㧔⚛↹ߚߞᱷޔߡߒߘޕࠆߔ෰㒰ࠍ⚛↹޿⭯ߩࠫ
઒ߦࡓ࠳ࡦ࡜ޔࠄ߆㧕⚛↹ߩ⦡Ἧߩౝᨒߩ✢ὐߩ6
߱ㆬࠍ⚛↹ಽ㧕42㧩38㧔ᢙߩ୚3 ߩߐ㐳ߩ✢⋥ߩ
ޔࠄߛࠎㆬࠍ⚛↹ޕ㧕⚛↹ߩࡦ࡯࠲ࡄሶᩰߩ 6 ࿑㧔
ޔߡ߃ਈࠍߺ㊀ߦὐࠆ޽ߦవߒዋะᣇⴕㅴߩࠫ࠶ࠛ
ޕ㧕✢ᄥߩ6࿑㧔ߊᒁࠍ✢⋥ૃㄭਸ਼ੑዊᦨߦὐߛࠎㆬ
ࠆㅢ߇✢⋥ૃㄭޔߪߦ⚛↹ࠆߚ޽ߦ〔゠ߩ✢⋥ૃㄭ
ޕߊ޿ߡߒ▚ടࠍ୯ߩߐߒࠄㇳベߩ✢⋥ૃㄭฦޔߦᐲ
ᒁࠍ✢⋥ૃㄭߚߒቯ᳿ߦߣߏ㑆඙ࠍ࿐▸ࠆߔૃㄭ
๟৻ߡߞᴪߦࠫ࠶ ࠛޔ߈޿ߡߒࠄߕߢ߹ࠆ⥋ߦᢙߊ
Ǫ㔌〒๟ᄖߣǩ㔌〒㑆ὐ┵ਔ 3 ࿑
ǩ㔌〒㑆ὐ┵ਔ=✢㊀ੑ
Ǫ㔌〒๟ᄖ=⸘วߩ✢ታ
⚛↹ߩ਄๟ᄖߩࠫ࠶ࠛ
ǩ
Ǫ
B A
ࠫ࡯ࡔࠗ↹ឬ↹ࡈ࡜ߩ㑆ੱ 2 ࿑
4㧕6002㧔1.oN 92 .loV ⷐ♿ㇱቇᎿቇᄢ⧓Ꮏ੩᧲
ޕ߁ⴕࠍℂಣޔߢ߹ࠆߔ
ᦨߦߣߏ㑆඙ߚߒഀಽߢ 2-3ޔߡ⚻ࠍ⒟ㆊߩ਄એ
ᒁ߇✢⋥ૃㄭ޿㐳ޕߊᒁࠍ✢⋥ૃㄭࠆࠃߦᴺਸ਼ੑዊ
ߐߒࠄㇳベߩߘ߽ߢᧄ৻߇ᢙߚߞㅢޔߪ⚛↹ߚࠇ߆
ߓห߽ᧄ૗ޔ߽ߢ✢⋥ૃㄭ޿⍴ޔߚ߹ޕ޿㜞ߪ୯ߩ
ߊ߈ᄢߪ୯ߩߐߒࠄㇳベߩ⚛↹ߩߘޔ߫ࠇㅢࠍ⚛↹
ࠆࠊઍߦޠ↹ࡈ࡜ޟޔࠅࠃߦℂಣߥ߁ࠃߩߎޕࠆߥ
࡜ޟߪߦ⚛↹ฦޔߒᚑ૞ࠍޠ࠲࡯࠺↹ࡈ࡜ࠫ࠶ࠛޟ
วᐲߩߐߒࠄㇳベࠆࠊઍߦޠߐỚޟࠆߌ߅ߦޠ↹ࡈ
ޕࠆ߃ਈߡߒߣ୯ࠍ޿
࠺↹ࡈ࡜ࠫ࠶ࠛޟߚࠇࠄᓧࠅࠃߦℂಣߩߢ߹ߎߎ
ޔߪߢ଀ߩߎޕߔ␜ߦ7 ࿑ޔࠍࠫ࡯ࡔࠗߩ௝↹ޠ࠲࡯
ࠍ⚛↹޿߈ᄢ߇୯ߩߐߒࠄㇳベޔߤ߶⚛↹޿ㄭߦ⊕
ޕߔ␜
〔ㅊㇳベߚ޿↪ࠍ⺰ផࠖࠫࠔࡈ .4
↹ࡈ࡜ޔߢ㓏Ბᚑ૞ޠ࠲࡯࠺↹ࡈ࡜ࠫ࠶ࠛޟߩ3
ޕࠆࠇࠄᓧ߇௝↹ޠ࠲࡯࠺↹ࡈ࡜ࠫ࠶ࠛޟࠆࠊઍߦ
ㇱ޿Ớߢਛߩߘޔߦᓟߚ޿ឬࠍ↹ࡈ࡜ޔว႐ߩ㑆ੱ
✢ߥ߆ࠄṖߩᧄ৻ࠄ߇ߥߒߦ߁ࠃࠆߍ❬߮ㆬࠍಽ
ࠅࠊઍߩᢿ್ߥ߁ࠃߩ㑆ੱߩߎޔߪߢߎߎޕߊឬࠍ
↪ࠍ⺰ផࠖࠫࠔࡈߒኻߦޠ࠲࡯࠺↹ࡈ࡜ࠫ࠶ࠛޟߦ
ޕࠆߔ〔ㅊߦ߆ࠄṖࠍ⚛↹޿ᤃࠅߚ޽ߦㇳベޔߡ޿
࡯࠺↹ࡈ࡜ࠫ࠶ࠛޟޔߕ߹ߪߡߒߣℂಣߥ⊛૕ౕ
ഀಽߊ߆⚦ߦ㑆඙ࠆ߈ߢૃㄭߢ✢⋥ࠍࠫ࠶ࠛߩޠ࠲
඙✢ᦛߡߒߘޔ㑆඙✢ᦛߣ㑆඙✢⋥ޔࠅ߹ߟޕࠆߔ
㑆඙ޔߡߒߘޕࠆߌಽࠍ㑆඙ࠆߥ⇣ߩ₸ᦛ߽ߢౝ㑆
⚛↹ฦޔߦ߁ࠃࠆ߇❬ߦ߆ࠄṖ߇ಽㇱ⚿ㅪߩ㑆඙ߣ
඙ߩᰴߣะᣇࠆ޿ߡ޿ะ࿷⃻ߦઁߩ୯ߩޠߐỚޟߩ
ೋᦨߩ㑆඙ฦޔࠄ߇ߥߒᘦ⠨ࠍᏅߩะᣇ౉ㅴߩ߳㑆
࡯ࠧࠍὐㇳベߩᓟᦨߩ㑆඙ޔ࠻࡯࠲ࠬࠍὐㇳベ઒ߩ
࡯ࠧࠄ߆࠻࡯࠲ࠬ߇⚛↹ࠆߥߣὐ࿾࿷⃻ޔߡߒߣ࡞
ࠅߚ޽ߦㇳベߡ޿↪ࠍ⺰ផࠖࠫࠔࡈߢ߹ࠆ⥋ߦ࡞
㐳⇟৻ޔ߅ߥޕߊ޿ߡߒ〔ㅊࠍ⚛↹ࠆࠇࠊᕁߣ޿ᤃ
ߢ߹ࠆߔ๟৻߇ὐ࿾࿷⃻ޔ߼ᆎߒࠍ〔ㅊࠄ߆㑆඙޿
ផࠍ㑆ⓨ㐽ࠆࠃߦ✢ߩᧄ৻ߥ߆ࠄṖޔ޿ⴕࠍℂಣ
ᦛޔߊߥߪߢ߆ࠄṖ߇ߡోޔߒߛߚޕࠆߔ಴᛽࡮⺰
ࠇߐᜬ⛽ߪὐᦛᄌߜࠊߥߔޔ⋡Ⴚߩ㑆඙ࠆߥ⇣ߩ₸
ޕࠆ޽߇ⷐᔅࠆ
㧕ᾖෳ8 ࿑㧔⚛ⷐࠆ޿↪ߦ࡞࡯࡞ߩ⺰ផࠖࠫࠔࡈ
࠻ࠢࡌ߁߆ะߦ࡞࡯ࠧߩ㑆඙ߩߘࠄ߆ὐ࿾࿷⃻ޔߪ
㑆඙ߩᰴࠄ߆࡞࡯ࠧߩ㑆඙ߩߘޔ࡞࠻ࠢࡌᮡ⋡ࠍ࡞
ะߩ࿷⃻ޔⷺ኿಴ࠍᐲⷺߩ✢⋥ߚ޿ᒁߣ߳࡞࡯ࠧߩ
Ớޟߩ✢⋥ߩߢ߹࡞࡯ࠧࠄ߆ὐ࿾࿷⃻ޔⷺⴕㅴࠍ߈
ޔߣജ౉ߩߟ4 ߩD ࠄ߆A ߩᰴޔߡߒߣᐲ⏕ࠍޠߐ
ޕߚߒߣX ജ಴
Ꮕߩⷺ኿಴ߣᐲⷺߩ࡞࠻ࠢࡌᮡ⋡㧦A ࡮
Ꮕߩⷺⴕㅴߣᐲⷺߩ࡞࠻ࠢࡌᮡ⋡㧦B ࡮
㧕㔌〒㧔ߐ߈ᄢߩ࡞࠻ࠢࡌᮡ⋡㧦C ࡮
㧕ߐỚ㧔ᐲ⏕ߩ࡞࠻ࠢࡌᮡ⋡㧦D ࡮
㧕Ꮕߩߣⷺⴕㅴ⃻㧔ะᣇߩᰴ㧦X ࡮
ߩ⚛↹ฦߩ਄࡞࠻ࠢࡌᮡ⋡ߪ㧕ᐲ⏕㧔㧰ജ౉߅ߥ
ޕߚߒߣ୯ဋᐔߩߐỚ
ࠫ࡯ࡔࠗߩ✢⋥ૃㄭߩߢ㑆඙ࡉ࡯ࠞ 5 ࿑ ࠫ࡯ࡔࠗߩ✢⋥ૃㄭߩߢ㑆඙✢⋥ 4 ࿑
ࠫ࡯ࡔࠗߩ௝↹ޠ࠲࡯࠺↹ࡈ࡜ࠫ࠶ࠛޟ 7 ࿑
ࠫ࡯ࡔࠗߩ✢⋥ૃㄭਸ਼ੑዊᦨ 6 ࿑
5 ಴᛽ㇳベᒻ࿑㐽ߥ߆ࠄṖࠆࠃߦࠬ࡯࡟࠻ߚ޿↪ࠍ⺰ផࠖࠫࠔࡈ
Cޔᄢߦ㧗߇Bޔᄢߦ㧗߇Aޔߡߒߣ଀ߩ࡞࡯࡞
߿ޟߪX ജ಴ޔߪᤨࠆࠇߐജ౉ߣ㜞߿߿߇Dޔ㐳߇
ࠍ࡞࠻ࠢࡌᮡ⋡ޔࠅ߹ߟޕߚߒߣ╬ޠߔࠄߕߦ㧗߿
ߦⴕᐔߣⷺ኿಴ߣࠆߖߐォ࿁ߊ߈ᄢߦะᣇࠬ࡜ࡊ
⋡ߣࠆߖߐォ࿁ߊ߈ᄢߦะᣇࠬ࡜ࡊࠍⷺⴕㅴޔࠅߥ
㐳߇㔌〒ߩߢ߹࡞࡯ ࠧޔ߇ࠆߥߦⴕᐔߣ࡞࠻ࠢࡌᮡ
ޠߐỚޟߩ✢⋥ߛࠎ⚿ߢ߹࡞࡯ࠧࠄ߆⟎૏࿷⃻ޔߊ
ࠬ࡜ࡊ߿߿ޟࠍะᣇⴕㅴߩ࿷⃻ޔߪว႐޿Ớ߿߿߇
ޔߒߣ୘14 ߢㇱోߪ࡞࡯࡞ޕࠆߥߣޠࠆߌ௑ߦะᣇ
ޕߔ␜ߦ1 ⴫ࠍ଀ߩ୘11 ߥ⊛⴫ઍ
ࠆࠃߦᴺᔃ㊀xaM-niMޔߦၮࠍ࡞࡯࡞ߥ߁ࠃߩߎ
㧗ޟ߇Xޔ߫߃଀ߪᨐ⚿⺰ផޕ߁ⴕࠍ⺰ផࠖࠫࠔࡈ
q54 ߦะᣇࠬ࡜ࡊࠍⷺⴕㅴޔว႐ߚߞߥߣޠq54 ߦ
ㅴޔߺㅴߟߕὐ৻ࠍ⚛↹ߩ਄ⷺⴕㅴࠄ߇ߥߖߐൻᄌ
ޕ߁ⴕࠍ⺰ផߩᰴޔߢὐᤨߛࠎ
ޔߣࠆ߼ߣ߹ࠍᣇ઀ߩ⺰ផ
ߢ߹࡞࡯ࠧߩᰴࠄ߆࡞࡯ࠧ㧔ⷺ ኿಴ߣⷺ኿౉ ࡮
ߦ߁ࠃߋߥߟߦ߆ࠄṖࠍ㧕ᐲⷺߩ
ߦ߁ࠃࠆㅢߊߴࠆߥࠍ⚛↹޿Ớ ࡮
߻ㅴߟߕὐ৻ߪ〔ㅊ ࡮
ޕࠆߥߣߣߎߊ޿ߡߒ〔ㅊࠄ߇ߥࠅ቞ࠍὐ 3 ߁޿ߣ
࠽ࠗࡑޟ߇Ꮕᐲⷺߩߢ߹࡞࡯ࠧߣⷺⴕㅴޔߡߒߣ଀
࠽ࠗࡑޟ߽Ꮕᐲⷺߩߢ߹࡞࡯ࠧߣⷺ኿಴ޔޠዊߦࠬ
ዋߦࠬ࠽ࠗࡑࠍⷺⴕㅴޟޔߪജ಴ޔ߈ߣߩޠዊߦࠬ
ߒዋࠍߐ߈ᄢߩⷺⴕㅴޔࠇߐ⺰ផߣޠࠆߖߐൻᄌߒ
৻ࠍߢ߹࡞࡯ࠧࠄ߆࠻࡯࠲ ࠬޔࠄ߇ߥߒߊߐዊߟߕ
ࠛ㧔⚛↹ߪߢ9 ࿑ޔߚ߹ޕ㧕ᾖෳ9 ࿑㧔߻ㅴߟߕ⚛↹
ߡߞ߇❬ߦ⊛ᗐℂ߇ಽㇱ޿Ớߩ㧕࠲࡯࠺↹ࡈ࡜ࠫ࠶
ߊߥߪᕈⷐᔅߥ߁ࠃߩߎ߽ߒߕᔅޔ߇ࠆ޽ߢ଀ࠆ޿
ߡߒ⺰ផߡ⷗ࠍవޔ߽ߢ࠲࡯࠺ࠆ޿ߡߒ៊ᰳߢਛㅜ
ޕࠆߥߣ⢻น߇〔ㅊߢߩࠆ޿
ⴕߢ߹ࠆߔ๟৻߇ὐ࿾࿷⃻ޔࠍℂಣߥ߁ࠃߩ਄એ
ࠍㇳベߩᧄ৻ߥ߆ࠄṖޔࠄ߇ߥߒᜬ⛽ࠍὐᦛᄌޔ޿
ޕࠆߔ〔ㅊ
㛎ታ .5
ᴺᣇ㛎ታ .1-5
ߩ↹ࡈ࡜ࠄ߆ႎᖱࠫ࠶ࠛߩ‛⽎ኻߩㇳベᒻ࿑㐽
ࡈ࡜ࠫ࠶ࠛޟߟᜬࠍ୯ߩߐߒࠄㇳベߦࠅࠊઍߩߐỚ
ࠃߊឬࠍㇳベߥ߆ࠄṖ߇㑆ੱޔߒᚑ૞ࠍޠ࠲࡯࠺↹
ߡߒߣᒻ࿑㐽ߒࠬ࡯࡟࠻ࠍ⚛↹ࠆߚ޽ߦㇳベޔߦ߁
߼ߚࠆߔ⹺⏕ࠍᕈല᦭ߩᴺᚻ᩺ឭࠆߔ಴᛽ࠍㇳベ
ޕߚߞⴕࠍ㛎ታߩ
ߩ⦡ߩ೎ߪߣ᥊⢛ߦᄩਛޔߢ㕍ߩ᭽৻߷߶߇᥊⢛
ะᣇߩ೎߇ࠇߙࠇߘޔฬゞ 51 ోߚߒ౮ࠍ࡯ࠞ࠾ࡒ
ߩᑼᒻpamtiB ߩ084046 ߩᨎ47 ⸘ࠆ޿ߡ޿ะࠍ
࠲࡯࠺ߚߒ಴᛽ࠍႎᖱࠫ࠶ࠛ߼ ੍ޔࠄ߆௝↹࡯࡜ࠞ
࠶ࠛߚߒߣ௝↹ේࠍ 01 ࿑ޕߚߒ↪૶ߡߒߣജ౉ࠍ
ޕߔ␜ߦ11 ࿑ࠍ଀௝↹ႎᖱࠫ
ߎࠆߔᢿ್ࠅࠃߦଔ⹏⊛ⷰਥޔߪଔ⹏ߩᨐ⚿ℂಣ
ޠ࠲࡯࠺↹ࡈ࡜ࠫ࠶ࠛޟߚߒᚑ૞ޔߕ߹ޕߚߒߣߣ
䊦䊷䉯
B
A
ὐ࿾࿷⃻
ⷺⴕㅴ
ⷺ኿಴
䊦䊃䉪䊔ᮡ⋡
X
C
⚛ⷐജ౉ߩ⺰ផࠖࠫࠔࡈࠆ޿↪ߦ〔ㅊㇳベ 8 ࿑
䊦䊷䉯䈱ᰴ
䊦䊷䉯
䊃䊷䉺䉴
ࠫ࡯ࡔࠗߩ〔ㅊ 9 ࿑
ജ಴
಴䈫ᮡ⋡㪑㪘
Ꮕ䈱ⷺ኿
ㅴ䈫ᮡ⋡㪑㪙
Ꮕ䈱ⷺⴕ
䉁ᮡ⋡㪑㪚
㔌〒䈱䈪
䈪䉁ᮡ⋡㪑㪛
ᐲ⏕䈱
ᣇ䈱ᰴ㪑㪯
ะ
ዊ䋫 㜞䉇䉇 㐳 ᄢ䋫 ᄢ䋫
ਛ䋫 ㅢ᥉ ㅢ᥉ ਛ䋫 ਛ䋫
ዊ䋫 ૐ䉇䉇 ⍴ ዊ䋫 ዊ䋫
䈇䈭䈋ᄌ 㜞䉇䉇 㐳 䈚䈭ൻᄌ ᄢ䋭
ਛ䋫 ૐ䉅䈩䈫 ⍴ 䈚䈭ൻᄌ ᄢ䋭
ᄢ䋭 ૐ䉇䉇 ⍴ ᄢ䋭 ᄢ䋫
ዊ䋭 ㅢ᥉ ㅢ᥉ ዊ䋭 ᄢ䋫
ਛ䋫 ૐ䉇䉇 㐳 ᄢ䋫 ዊ䋭
ዊ䋭 ૐ䉅䈩䈫 㐳 ዊ䋭 ᄢ䋫
䈇䈭䈋ᄌ 㜞䉅䈩䈫 ⍴ ᄢ䋫 ᄢ䋭
ዊ䋭 ૐ䉇䉇 ⍴ 䈚䈭ൻᄌ ᄢ䋫
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